Abstract-Exoskeleton is a wearable active device used to augment human power in upper or lower extremities. One of the most important application of these devices is to help the disable people to compensate the lack of functionality or rehabilitate. The main scope of this research is to design a prototype of a light, wearable robotic exoskeleton to rehabilitate the upper extremity in stroke patients at home. For this purpose mechanism of a wearable exoskeleton will be proposed compatible with upper extremity DOFs with minimum number of actuators which is constructed inexpensively. This idea proposes to provide an efficient, lightweight, and cost-effective device which was available for the patients at home to eliminate the demand of expensive and professional therapists. The conceptual design of such a system should be offered studying the actuation mechanism and degrees of freedom of the upper extremity for compatibility and safety issues of the proposed system. The novelty of this paper goes to the elbow actuator and minimize the number of actuators.
I. INTRODUCTION
Stroke or brain attack happens when a blood clot blocks an artery or in case a blood vessel breaks and cause to cut off the crucial blood flow and oxygen to the certain areas of the brain. Stroke is the leading cause of adult disability worldwide [1] . It seems essential that stroke patients travel to a clinic to do the ordinary physiotherapy sessions in order to compensate the lack of functionality and rehabilitate the disable joints or parts. This travel can be simply omitted by using a light, wearable robotic exoskeleton at home Exoskeleton is a wearable mechanism with different joints and links with various degrees of freedom depending on the application. Considering long man dictionary, exoskeleton is defined as: "a hard outer covering that protects the bodies of certain animals, such as insects" [2] .
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Considering the exoskeleton in the rehabilitation field, Alexander et al in 1992 designed one of the earliest upper limbs orthotic named Balanced Forearm Orthosis (BFO) which was a passive wheelchair developed in 1965. Alexander developed a later version of this device with additional joints that leads to have more vertical motions. [3] . In 1990 the Hybrid Arm Orthosis has been tested successfully and [4] in 1995 a parallel mechanism assistive robot has been designed. [5] . The MULOS introduced in 1997 with 5 degrees of freedom. [6] . One year later, MIT-Manus was developed based on a table and a brace in order to hold the victims's lower arms and wrists and MIT-Manus helped the patient to move their arm [7] . The Arm Guide rehabilitation robot was developed in 2000 which had the ability of oriented in various directions my means of three-Splined steel shaft [8] . At the same year, PUMA robot was used for robotic rehabilitation aimed at post-stroke victims. [9] . Another wearable robotic arm has been developed in 2004 which was actuated by rotary Pneumatic with 4 kg weight. [10] . In 2005 Carignan developed an arm exoskeleton with a scapula motion for shoulder rehabilitation with five active DOF along with control modes for the exercise therapy. One year later in 2006, Joel C.Perry designed and developed the third generation of upper-limb powered exoskeleton.The primary target was to assist victims of stroke and disable people [11] . In 2011 Zhibin Song and Shuxiang Guo developed an upper limb exoskeleton rehabilitation device that could be performed in bilateral training [12] . In 2012 Galiana el al. identified linear and angular misalignments online though their proposed wearable soft robotic device for post-stroke shoulder rehabilitation [13] . One year later an anthropomorphic upper-limb exoskeleton was developed with both kinematic and dynamic analysis of the rehabilitation [14] .
II. CONCEPTUAL DESIGN
Position The idea of increasing the numbers of motors and gearboxes could be easily done like previous studies reported in the literature. However, this is not the purpose of this project. The contribution of this design is the novelty in mechanism of haptic exoskeleton and it is not supposed to fabricate another exoskeleton like previous ones. Because there should be a novel design in haptic exoskeleton to make it more efficient and much cheaper using the minimum numbers of actuators by wearable mechanism.
The innovation of this project is actuating the elbow joint by designing a specific cable-driven mechanism, using rotary Series Elastic Actuator (SEA). The elbow actuates without mounting any other actuator/motor in the joint spot. Somehow this is a definition of the soft orthotic model. The shoulder joint is also actuated using a motor and related components.
Undoubtedly, there are plenty of methods to actuate a system by producing torque and motion. Several types of actuators have been employed in different exoskeletons with different application such as pneumatic, hydraulic, electric (electrical motors) and the most novel and efficient one is the SEA. Table I is provided to explain to compare different actuators. 
A. Shoulder Actuator
The idea of actuating system is using available and affordable electric motors. Generally, there are different kinds of motors and in case of need we have to select the most appropriate one. Regarding the DC brush and DC brushless, there is no doubt that DC brushless (BLDC) has plenty of advantages over DC brush motor that can be checked in the ne disadvantage relates to rotation speed that is definitely higher in BLDC and in order to use in rehabilitation applications, it needs a high gear ratio transmission. However, apart from technical properties, some other factors are also playing an important role in motor selection. Availability, cost and complexity in control terms are these factors. In conclusion a DC brush motor has been selected for shoulder actuation from Buehler Company with a gear box. Gearbox is definitely in need because the armature speed is too high and we need high torque and low speed for shaft rotation. Due to this project requirement, the worm gear has been selected. First of all, because of the location of shoulder and scapula, 90 degrees of placement is required between gearbox and motor housing. Second, one of the characteristics of the worm gear is to transmit power at 90 degrees with high gear ratio and significant speed reduction. The shafts of worm gears lie in parallel planes and may be skewed at any angle between zero and a right angle. In worm gears, one gear has screw threads. Due to this, worm gears are quiet, vibration free and give a smooth output.
From the anthropology side of view, it is notable that the shoulder bracelet is adjustable up to 6 cm for different ranges of people and could be adjusted to the shoulder various muscles volumes easily. Also the carry angle could be easily cover for every patient due to the special passive mechanism of the exoskeleton forearm.
B. Elbow Actuator
Veneman et al. employed the rotary Bowden-cable SEA for lower extremity in LOPES project [15] . Just unlike the conventional actuators, SEAs are made of an elastic element in series with the mechanical energy source. This leads to a low mechanical output impedance, tolerance to loads, remarkable effect on peak output torque and create passive mechanical energy storage. There are two types of SEA: linear and rotary. For more detail about linear SEA one can refer to [16] . The idea is designing a novel mechanical actuator to apart the actuator motor from the robot specific joint by mean of flexible Bowden cables. This has the benefit of less weight on elbow joint compared to heavy electro motors and actuate a joint without a dependent electric motor. The SEA, known as rotating joint actuator, could mimic the natural motion of the elbow by its cables and springs. It has a rotating joint in the middle which has a responsibility of a torque source and torque transmission to the elbow. One groove plays the driven role and the other pulley is the driver that has been attached to the motor shaft. These 2 pulleys must be connected together with a cable.
There are 2 cables set for each spring (for bending and stretching motion). It creates some advantages: One of them relates to the safety matter so that if a cable fails, its tension would be lost definitely and so it is dangerous for patient's arm due to unidirectional forces. With the presence of springs the sudden motion of the elbow, in the case of the cable failure, will not happen.
The Design of Bowden cable series elastic actuator has been illustrated in the Fig. 1 . Moreover the method of connection this rotary actuator to the motor is clear in the Fig. 2 as well. 
C. Safety
Since in the field of biomechanics the safety issue is by far the most important factor from the author's side of view, the safety matter is guaranteed in this project. Mechanical safety includes the screw placed in the elbow joint which do not allow the joint to flex more than 90° and in flexion more than the rest position. Electrical safety includes the program implemented on the microcontroller to monitor the shoulder position by a rotary encoder and applied torque by a current limiter on the controller box. An emergency power button is placed and the patient is able to turn the exoskeleton off in case of feeling peril.
III. EXOSKELETON FULL MODEL
The full prototype development has been presented in the Fig. 2 . Different components of the proposed exoskeleton could simply depict the method of actuation of this system. Shoulder flexion and extension is performed the placed DC motor on the shoulder and by the present method of fixing, all of the generated torque is applied to the patient's shoulder. Constructed system is shown in the Fig. 3 . 
IV. CONCLUSION
The first prototype of the upper limb exoskeleton with cable-driven actuation with the aim of rehabilitation has been presented in this paper. Design and experimental investigation of the rotary Bowden-cable series elastic actuator has been performed for elbow flexion when the elbow is in the rest position (when the forearm is in the coronal plane and is parallel with the thorax) up to 90°in the sagittal plane and for elbow extension to bring the whole forearm to the non-angle position or the rest position. This actuation is with the torque transmitted by the DC brush motor mounted on the patient's shoulder and is aimed at shoulder flexion and extension in the sagittal plane. These simultaneous tasks are accomplished successfully and the whole robotic arm showed stable behavior to the input step. The novelties of this design relate to the method of motor fixing without backlash and using the Bowden-cable SEA for the simultaneous motions of the upper extremities. Some other properties of this exoskeleton is that the joints' range of motion should be controllable by micro-controller, it has both mechanical and software deterrent systems for more safety, it is adjustable for different upper body dimensions of different patients, the singularity points are out of the proposed workspace of robotic manipulator so that these points will not make trouble in the treatment procedure, it is light-weighted, low-cost and useable at home.
